In the purple bacteria the photosynthetic light-absorbing pigments (bacteriochlorophyll and carotenoids) are located in and on the photosynthetic membrane. In general these pigments d o not exist 'free', but are noncovalently bound t o protein, forming two functionally and spectrally distinct classes of pigment~-protein complexes. the reaction centres and the light-harvesting complexes (Thornber et ul., 1978) . Most of the pigment is present in the latter. which acts as an antenna to absorb incident radiation and transfer it to the reaction centre where the primary oxidation reduction reaction occurs. This contribution is concerned with the structure of the light-harvesting complexes.
By using suitable surfactants, it is possible to solubilize the photosynthetic membrane and then, by applying standard protein-purification techniques. to purify functional antenna complexes (Cogdell & Thornber, 1979) . In several cases now these antenna complexes have been well-characterized. and a general picture of their structure has begun to emerge. A typical antenna complex consists of a small number of bacteriochlorophyll (two or three) and carotenoid (one or two) molecules noncovalently bound to two low-molecular-mass ( 5 -7 kDa) hydrophobic apoproteins (the r -and b-apoproteins) (Thornber ct ul., 1983; Zuber, 1985) . This 'minimal unit' is aggregated in viw to form the native functional lightharvesting complex. Most purple-bacterial antenna complcxes can be conveniently grouped into one of two broad types (Thornber ot ul., 1983; Robert & Lutz, 1985) . So far, every species that has been studied in detail contains one type of antenna complex, which appears to he intimately associated with the reaction centre (Aagaard & Sistrom. 1972) . This type of complex (e.g. B890-com pl ex from Rhodospirillum ruhrurn ) us ua 11 y occurs with a fixed stoichiometry relative to the reaction centre, and is characterized by a single strong bacteriochlorophyll ( Q y ) absorption band in the near-i.r. Many species, such as Rhotlop.si~utIomoriri.s c q m k i t r i or Rhodopscwdot m n ( i . s .sphuiw)itl~~.s. also contain one o r more additional antenna complexes. This second type of complex, of which the B800 850-complex from R p . sphricroit1r.s is a good example. is usually present in the photosynthetic membrane in variable amounts, relative to the numbers of reaction centres present, and is thought to be arranged more peripherally than the first type of complex.
The arrangement of the pigments in the isolated lightharvesting complexes has been investigated with a range of different spectroscopic techniques. This can be illustrated by referring to some of the results obtained with the B890-complex from R . ruhrum. Analysis of the bacteriochlorophyll u Qy absorption band by c.d. and fourth-derivative spectroscopy has suggested that this absorption band represents a pair of exciton-coupled bacteriochlorophyll u molecules (Sauer & Austin, 1978; Cogdell & Thornber, 1979) . Resonance Raman spectroscopy, on the other hand, has revealed that the magnesium atom at the centre of the bacteriochlorophyll molecule is probably penta-co-ordinated with histidine as the likely fifth ligand, and that the carotenoid, spirilloxanthin, is all-rrans (Robert & Lutz, 1985) .
The antenna apoproteins from a number of different light-harvesting complexes have now been sequenced (Zuber. 1985) . As a result of these sequence studies. two classes of antenna apoproteins (the a-and P-apoproteins) have been defined. The r-apoproteins contain a single conserved histidine residue, whereas the [hipoproteins contain two conserved histidine residues. When the primary structures of the light-harvesting apoproteins are compared, the degree of sequence homology is rather variable. However two striking structural homolog' w s are seen. One is the conserved histidine residues. and these have been suggested as possible ligands for the magnesium atom at the centre of the dihydrophorbin ring o f the bacteriochlorophyll molecule. The second becomes apparent when hydropathy plots of the amino acid sequences are constructed. Most antenna apoproteins show three distinct structural domains, a central hydrophobic core of 20-24 amino acids and polar regions at the N -and C-termini. Consideration of this tripartite structure has quite naturally led to the suggestion that the antenna apoproteins should lie across the photosynthetic membrane. Moreover. the hydrophobic region is just long enough to accommodate a single-membranespanning a-helix. The presence of a-helical structure in the light-harvesting complexes has been looked for by recording the U.V. c.d. spectra o f isolated antenna complexes in the region where the peptide band absorbs (Breton & Nabedryk, 1984; Cogdell & Scheer, 1985 ). An average a-helical content of 50% or greater has been found for a range of different antenna complexes. The transmembrane orientation of the B890-complex in R . ruhrum membranes has been investigated by both limited proteolysis and immunological techniques, and this complex clearly transverses the photosynthetic membrane (Brunisholz ct ul., 1984 (Brunisholz ct ul., , 1985 . The N-termini of both apoproteins are located at the cytoplasmic surface, whereas the ('-termini are at the periplasmic surface. The model of how the antenna apoproteins are arranged across the membrane based on the sequence studies is now, therefore, well supported by direct experimentation.
Several detailed models of the quaternary structure of antenna complexes have been proposed (e.g. Kramer rt al., 1984), based on the primary-structure data and on polarized-light spectroscopy. Three groups (ourselves in
Glasgow. Feher's group in San Diego and Drews' group in Freiburg) have now obtained crystals of antenna complexes. This holds out the exciting prospect of a high-resolution structure of an antenna complex being determined by X-ray crystallography. and this is eagerly a wa i ted .
In the case of RIM. c~t~psiilrtti the structural genes corresponding to the apoproteins of the B875-and B800 850-complexes have been cloned and sequenced (see, e.g. Youvan ct (11.. 1984) . The B875-apoproteins are located next to the reaction-centre L-and M-genes on the same operon. whereas the B800 850-apoprotein genes are located elsewhere on the chromosome. In all cases the amino acid sequence deduced from the nucleotide sequence exactly matches that determined by direct amino acid sequencing o f the purified apoproteins. i.e. there is no post-transcriptional moditication. This type of arrangement o f the apoprotein structural genes on the chromosome may well explain how the amount of B875-complex per reaction centre is always constant and how the synthesis o f the B800 850-complex can be independently controlled. 
